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Description 

[0001] The present method and apparatus relate gen- 
erally to communication, and more specifically to provid- 
ing linl< quality feedback in a wireless communication 
system. , 

Background 

[0002] Increasing demand for wireless data transmis- 
sion and the expansion of services available via wireless 
communication technology have led to the development 
of systems capable of handling voice and data services. 
One spread spectrum system designed to handle the var- 
ious requirements of these two services is a Code Divi- 
sion Multiple Access, CDMA, system referred to as 
cdma2000, which is specified in "Tl A/EIA/IS-2000 Stand- 
ards for cdma2000 Spread Spectrum Systems." En- 
hancements to cdma2000 as well as alternate types of 
voice and data systems are also in development. 
US-A-5,465,398 discloses in a wireless LAN packet com- 
munication system that for each successfully received 
packet the strength of the received signal is measured 
at a target node by monitoring an A/D converted received 
signal strength indication signal. A record of minimum 
strength among successfully received packets is main- 
tained atthe target node. For each successfully received 
packet the difference between the signal strength of the 
packet and the recorded minimum is calculated at the 
target node and sent over the link to the source node as 
a quantitative difference indicator. The source node 
maintains a moving average of difference indicators re- 
ceived overtime and adjusts the transmitter power level 
so as to maintain the moving average at a preselected 
link margin threshold level. Alternatively, the calculation 
of a desired source node power level change is per- 
formed at the target node and transmitted to the source 
node. 

[0003] As the amount of data transmitted and the 

number of transmissions increase, the limited bandwidth 
available for radio transmissions becomes a critical re- 
source. There is a need, therefore, for an efficient and 
accurate method of transmitting information in acommu- 
nication system that optimizes use of available band- 
width. 

SUMMARY 

[0004] Embodiments disclosed herein address the 

above stated needs by providing a remote station appa- 
ratus having a quality measurement unit for iteratively 
measuring link quality of a communication link, and a 
differential analyzer for determining changes in the 
measured link quality. 

A remote station, a method and a base station are pro- 
vided according to the appended claims. 
[0005] In one aspect, in a wireless communication sys- 
tem for processing voice communications and packet- 



switched communications, a transceiver includes a data 
rate control table listing data rate control messages and 
associated transmission information, a data rate calcu- 
lation unit coupled to the data rate control table, the data 

5 rate calculation unit operative to select a data rate control 
message in response to a received signal at the trans- 
ceiver, and a differential analyzer coupled to the data 
rate calculation unit operative to generate differential in- 
dicators pointing to a next entry in the data rate control 

10 table. 

[0006] In another aspect, in a wireless communication 
system, a method includes generating quality messages 
at a first frequency, the quality message providing infor- 
mation on the quality of a communication link, and gen- 
15 erating differential indicators at a second frequency, the 
differential indicators indicating changes in the quality of 
the communication link, wherein the second frequency 
is greater than the first frequency. 



[0007] FIG. 1 is a diagram of a wireless communication 
system; 

[0008] FIG. 2 is a diagram of a reverse channel archi- 
25 tecture in a wireless communication system; 

[0009] FIG. 3A is a diagram of a remote station in a 
wireless communication system; 
[0010] FIG. SB is a flow diagram of a method for gen- 
erating link quality feedback from a remote station in a 
30 wireless system; 

[0011] FIG. 3C is a flow diagram of a method for 
processing link quality feedback at a base station in a 
wireless system; 

[0012] FIG. 3D is atlming diagram illustrating linkqual- 

35 ity feedback in a wireless system; 

[001 3] FIG. 4A is a flow diagram of an alternate method 
of link quality feedback at a base station in a wireless 
communication system; 

[0014] FIG. 4B is a timing diagram illustrating link qual- 

40 ity feedback in a wireless system; 

[001 5] FIG. 4C is a tabular diagram tracking variables 
during link quality feedback in a wireless system; 
[0016] FIG. 5 is a flow diagram of a method of link 
quality feedback for a base station in a wireless commu- 

45 nication system; 

[001 7] FIG. 6 is a diagram of a reverse link architecture 
in a wireless communication system; 
[0018] FIG. 7 is a timing diagram of link quality feed- 
back in a wireless communication system; 

50 [0019] FIG. 8 is a diagram of a data rate control table 
applicable for packet-switched communications; and 
[0020] FIG. 9 is a diagram of a portion of a remote 
station in a packet-switched communication system. 

55 DETAILED DESCRIPTION 

[0021 ] The word "exemplary" is used exclusively here- 
in to mean "serving as an example, instance, or illustra- 
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tion." Any embodiment described herein as "exemplary" 
is not necessarily to be construed as preferred or advan- 
tageous over other embodiments. 
[0022] In a spread-spectrum wireless communication 
system, such as a cdma2000 system, multiple users 
transmit to a transceiver, often a base station, in the same 
bandwidth at the same time. The base station may be 
any data device that communicates through a wireless 
channel or through a wired channel, for example using 
fiber optic or coaxial cables. A user may be any of a va- 
riety of mobile and/or stationary devices including but not 
limited to a PC card, a compact flash, an external or in- 
ternal modem, or a wireless or a wireline phone. A user 
is also referred to as a remote station. Note that alternate 
spread-spectrum systems include systems: packet- 
switched data services; Wideband-CDMA, W-CDMA, 
systems, such as specified by Third Generation Partner- 
ship Project, 3GPP; voice and data systems, such as 
specified by Third Generation Partnership Project Two, 
3GPP2. 

[0023] The communication link through which the user 
transmits signals to the transceiver is called a Reverse 
Link, RL. The communication linkthrough which a trans- 
ceiver sends signals to a user is called a Forward Link, 
FL. As each user transmits to and receives from the base 
station, other users are concurrently communicating with 
the base station. Each user's transmissions on the FL 
and/or the RL introduces interference to other users. To 
overcome interference in the received signals, a demod- 
ulator seeks to maintain a sufficient ratio of bit energy to 
interference power spectral density, E^/Nq, in order to 
demodulate the signal at an acceptable probability of er- 
ror. Power Control, PC, is a process that adjusts the 
transmitter power of one or both of the Forward Link, FL, 
and the Reverse Link, RL, to satisfy a given error criteria. 
Ideally, the power control process adjusts the transmitter 
power(s) to achieve at least the minimum required E^Nq 
at the designated receiver. Still further, it is desirable that 
no transmitter uses more than the minimum E^/No. This 
ensures that any benefit to one user achieved through 
the power control process is not at the unnecessary ex- 
pense of any other user. 

[0024] Power control impacts the capacity of the sys- 
tem by ensuring that each transmitter only introduces a 

minimal amount of interference to other users and thus 
increases processing gain. Processing gain is the ratio 
of the transmission bandwidth, W, to the data rate, R. 
The ratio of E^/Nq to W/R corresponds to the Signal-to- 
Nolse Ratio, SNR. Processing gain overcomes a finite 
amount of interference from other users, i.e., total noise. 
System capacity is, therefore, proportional to processing 
gain and SNR. For data, feedback information is provided 
from the receiverto the transmitter as a link quality meas- 
ure. The feedback ideally is of fast transmission with low 
latency. 

[0025] Power control allows the system to adapt to 
changing conditions within an environment, including but 
not limited to the geographical conditions and mobile ve- 



locity. As the changing conditions impact the quality of a 
communication link, the transmission parameters adjust 
to accommodate the changes. This process is referred 
to as link adaptation. It is desirable for link adaptation to 

5 track the condition (s) of the system as accurately and 
quickly as possible. 

[0026] According to one embodiment, link adaptation 
is controlled by the quality of a communication link, 
wherein the SNR of the link provides a quality metric for 

10 evaluating the link. The SNR of the linkmay be measured 
as a function of Carrier-to-interference, C/l, at the receiv- 
er. For voice communications, the quality metric C/l may 
be used for providing power control commands instruct- 
ing the transmitter to either increase or decrease power. 

15 For packet data communications, such as an HDR sys- 
tem as specified in "Tl A-856 cdma2000 High Rate Packet 
Data Air Interface Specification," 3GPP, and3GPP2 data 
communications are scheduled among multiple users, 
where at any given time, only one user receives data 

20 from the access network or base station. In a packet- 
switched data system, the quality metric measurement, 
such as SNR and/or G/l, may provide valuable informa- 
tion to the base station or access network transmitter in 
determining proper data rate, encoding, modulation and 

25 scheduling of data communications. Therefore, it is ben- 
eficial to provide the quality metric efficiently from the 
remote station to the base station. 
[0027] FIG. 1 illustrates one embodiment of a wireless 
communication system 20, wherein system 20 is a 

30 spread spectrum CDMA system capable of voice and 
data transmissions. System 20 includes two segments: 
a wired subsystem and a wireless subsystem. The wired 
subsystem is the Public Switched Telephone Network, 
PSTN 26, and the Internet 22. The Internet 22 portion of 

35 the wired subsystem interfaces with the wireless subsys- 
tem via Inter- Working Function Internet, IWF24. The ev- 
er-increasing demand for data communications is typi- 
cally associated with the Internet and the ease of access 
to the data available thereby. However, advancing video 

40 and audio applications increase the demand for trans- 
mission bandwidth. 

[0028] The wired subsystem may include but is not lim- 
ited to other modules such as an instrumentation unit, a 
video unit, etc. The wireless subsystem includes the base 

45 station subsystem, which involves the Mobile Switching 
Center, MSC 28, the Base Station Controller, BSC 30, 
the Base Transceiver Station(s), BTS(s) 32, 34, and the 
Mobile Station(s], MS(s) 36, 38. The MSC 28 is the in- 
terface between the wireless subsystem and the wired 

50 subsystem. It is a switch that talks to a variety of wireless 
apparatus. The BSC 30 is the control and management 
system for one or more BTS(s) 32, 34. The BSC 30 ex- 
changes messages with the BTS(s) 32, 34 and the MSC 
28. Each of the BTS(s) 32, 34 consist of one or more 

55 transceivers placed at a single location. Each of the BTS 
(s) 32, 34 terminates the radio path on the network side. 
The BTS(s) 32, 34 may be in co-located with BSC 30 or 
may be independently located. 
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[0029] The system 20 includes radio air interface phys- 
ical channels 40, 42 between the BTS(s) 32, 34 and the 
MS(s) 36, 38. The physical channels 40, 42 are commu- 
nication paths described in terms of the digital coding 

and RF characteristics. 

[0030] As discussed herein above, a FL is defined as 
a communication link for transmissions from one of the 
BTS(s) 32, 34 to one of the MS(s) 36, 38. An RL Is defined 
as a communication link for transmissions from one of 
the MS(s) 36, 38 to one of the BTS(s) 32, 34. According 
to one embodiment, power control within system 20 In- 
cludes controlling transmit power for both the RL and the 
FL. Multiple power control mechanisms may be applied 
to the FL and RL in system 20, including reverse open 
loop power control, reverse closed loop power control, 
forward closed loop power control, etc. Reverse open 
loop power control adjusts the initial access channel 
transmission power of MS(s) 36, 38, and compensates 
for variations in path loss attenuation of the RL. The RL 
uses two types of code channels: traffic channel(s), and 
access channel(s). 

[0031] FIG. 2 illustrates the architecture of a RL of sys- 
tem 20 of FIG. 1 according to one embodiment. The RL 
or reverse channel is composed of two types of logical 
channels: access and traffic. Each logical channel Is a 
communication path within the protocol layers of either 
the BTS(s) 32, 34 or the MS(s) 36, 38. Information is 
grouped onto a logical channel based upon criteria such 
as the number of users, the transmission type, the direc- 
tion of the transfer, etc. The Information on a logical chan- 
nel is ultimately carried on one or more physical channels. 
Mappings are defined between logical and physical chan- 
nels. These mappings may be permanent or may be de- 
fined only for the duration of a given communication. 
[0032] Notethatfordataservices a remote station may 
be referred to as an Access Terminal, AT, wherein an 
AT is a device providing data connectivity to a user. An 
AT may be connected to a computing device, such as a 
laptop personal computer, or it may be a self-contained 
data device, such as a personal digital assistant. Further, 
the base station may be referred to as an Access Net- 
work, AN, wherein the AN is network equipment providing 
data connectivity between a packet switched data net- 
work, such as the Internet, and at least one AT. The re- 
verse access channel is used by ATs to communicate 
with the AN when no traffic channel is assigned. In one 
embodiment there is a separate reverse access channel 
for each sector of the AN. 

[0033] Continuing with FIG. 2, the traffic channel is 

composed of three logical channels: differential indicator; 
link quality indicator; and data. The link quality Indicator 
provides a measure of the quality of the FL pilot channel. 
One embodiment uses Carrier-to-interference, C/l, as a 
link quality metric, wherein the remote station measures 
the C/l of the FL pilot channel for multiple instances hav- 
ing a predetermined period. The link quality Indicator is 
encoded for periodic transmission to the base station on 
the RL. The encoding may include the application of a 



cover, wherein the specific cover applied corresponds to 
the sector of the measured pilot signal. The encoded link 
quality indicator is referred to as a "quality message." 
Alternate embodiments may implement other means of 

5 determining a link quality indicator and may implement 
other metrics corresponding to link quality. Additionally, 
the quality metric measurements may be applied to other 
received signals. The C/l measurement Is often ex- 
pressed in dB units. 

10 [0034] In the exemplary embodiment, the link quality 
message is determined and transmitted periodically with 
relatively low latency to reduce any impact on available 
bandwidth on the RL In one embodiment the link quality 
message is transmitted once every 20msec. In addition, 

15 a differential Indicator Is transmitted to the base station 
on the RL when the link quality indicator is not transmit- 
ted. In one embodiment the differential indicator is sent 
ever 1 .25 msec. As illustrated in FIG. 2, thetraffic channel 
further includes the differential indicator sub-channel. In 

20 contrast to the link quality indicator and quality message, 
the differential indicator is an indication of relative chang- 
es in the quality of the FL pilot channel, which is sent 
much more frequently. To determine the differential in- 
dicator, a comparison is made of successive C/l meas- 

25 urements of the FL pilot signal. The result of the compar- 
ison Is transmitted as a bit or bits indicating the direction 
of the change. For example, according to one embodi- 
ment for an increase in successive C/l measurements 
the differential indicator is positive, and for a decrease in 

30 successive C/l measurements the differential indicator 
is negative. The differential indicator is transmitted with 
little or no coding, and therefore provides a fast, efficient, 
low latency feedback method. The differential indicator 
effectively provides continuous fast feedback to the base 

35 station regarding the state of the FL. The feedback is 
sent via the RL. Note that in contrast to power control 
commands which typically have an opposite polarity to 
the C/l measurement, the quality message and the dif- 
ferential indicator track the C/l measurement. 

40 [0035] The use of a differential indlcatoreliminatesthe 
need to transmit the entire C/l, wherein the differential 
indicator provides incremental comparisons to the last 
projected value. The differential Indicator according to 
one embodiment is an UP (+1 dB) or DOWN (-IdB) indi- 

45 cator. According to an alternate embodiment, successive 
steps in a same direction have Increasing values, such 
as first UP (+1 dB), second UP (-i-2dB), etc. In yet another 
embodiment the differential indicator includes multiple 
bits, wherein the bits have significance to identify the di- 

50 rectlon and amount of change. Since the fading channel 
is a continuous process, the C/l will be a continuous proc- 
ess and can therefore be tracked with such a differential 
signaling technique. Since this differential message is 
much smaller than the full C/l message, not only does it 

55 take less time to encode, to transmit, and to decode, but 
it also takes up less energy on the reverse link. This 
means that not only is the FL performance Improved, but 
the RL loading is also reduced. The periodic transmission 
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of a quality message prevents and/or corrects synchro- 
nization problems between the base station and remote 
station. For example, consider a remote station having 
an Initial quality message corresponding to OdB C/l 
measurement. The remote station continuously meas- 
ures the link quality and proceeds to transmit three dif- 
ferential indicators, each corresponding to 1 dB incre- 
ments. Thus, the remote station has calculated a project- 
ed C/l of 3dB. The base station may decode two of the 
differential indicators correctly, and have a decode error 
on a third. The base station has, therefore, calculated a 
projected C/l of 2dB. /Vt this point, the remote station and 
the base station are out of synchronization. The next 
transmission of the encoded quality message is trans- 
mitted in a reliable manner and will correct the synchro- 
nization disparity. In this way, the quality message re- 
synchronizes the base station and the remote station. In 
one embodiment the quality message is encoded using 
a very powerful (5, 24) block code, interleaved, and trans- 
mitted over 20 ms. Note that the quality message is used 
to correct any synchronization errors that could have oc- 
curred in feeding back the differential indicators, and 
therefore, the quality message can tolerate relatively 
large latencies, such as 20 ms. 
[0036] The differential indicator is applicable in wire- 
less communication systems using fast link adaptation 
techniques that require the receiver to constantly feed- 
back the latest channel state to the transmitter. While the 
differential indicator is also applicable for feedback on 
FL of the RL channel state, in data services, link adap- 
tation typically occurs on the fonward link, and therefore 
the exemplary embodiment illustrates a remote station 
feeding information to the base station aboutthe state of 
the FL using differential Indicators on the RL. Ideally link 
quality feedback occurs frequently with minimum delay 
to maximize FL system performance. The use of a dif- 
ferential indicator reduces loading on the RL, thereby in- 
creasing the capacity of the RL available for data traffic. 
[0037] A portion of a remote station 200 for use in the 
system 20 is illustrated in FIG. 3A. The remote station 
200 includes receive circuitry 202 that includes but is not 
limited to an antenna(s), and pre-processing filtering. The 
receive circuitry 202 processes signals received at the 
remote station 200 on the FL; including but not limited to 
the pilot signal. The receive circuitry 202 is coupled to 
quality measurement unit 204 that determines the quality 
metric measurement of the pilot signal. In the exemplary 
embodiment, the quality measurement unit 204 meas- 
ures the C/l of the received FL pilot signal. The quality 
metric measurement, cur_C_l, is provided to differential 
analyzer 206. The differential analyzer 206 is responsive 
to a predetermined quality message period, T|^^3s;^q^. 
Within each quality message period, the differential an- 
alyzer 206 provides one projected C/l measurement, 
proj_C_l, as a link quality indicatorforfurther processing 
to form the quality message. The further processing in- 
cludes encoding the link quality indicator, including ap- 
plication of a cover identifying the transmission sector of 



the measured pilot signal. For the remainder of the peri- 
od, the quality measurement unit 204 provides succes- 
sive C/l measurements to the differential analyzer 206. 
[0038] Continuing with FIG. 3A, during each time pe- 

5 hod T[^^ggy^Q^ the quality message is generated once 
and multiple differential indicators are generated, where- 
in each generated differential indicator is referred to as 
"DIFF". Notethatthe quality message andthe differential 
indicator are generated at different rates. As illustrated 

10 in FIG. 3A, the differential analyzer 206 also receives an 
input signal, T^ipp, controlling the rate of differential in- 
dicator generation. 

[0039] Operation of the differential analyzer 206 In a 
remote station according to one embodiment is detailed 

15 in FIG. 38. According to one embodiment illustrated in 
FIG. 3B, in a remote station, the differential analyzer 206 
process starts by receiving a C/l measurement from the 
quality measurement unit 204, wherein the cur_C_l is a 
link quality measure of a received signal. The process 

20 also stores the cur_C_l value as a projected measure- 
ment in a variable "proj_CJ" at step 302. Step 302 is an 
initialization step an is pertonned only once per session. 
At this point no historical C/l measurements are available 
for a comparison. 

25 [0040] At step 304 the proj_C_l value is transmitted as 
the quality message. At step 306 the C/l is measured and 
stored as a current measurement in a variable "cur_C_ 
I" to be used for incremental differential comparisons. At 
step 308 the differential analyzer 206 compares cur_C_ 

30 I to proj_C_l and generates DIFF accordingly. Addition- 
ally, the variable proj_G_l is adjusted in accordance with 
the comparison at step 310. The adjustment tracks 
changes in the link quality and, therefore, if cur_C_l is 
greater than proj_C_l, the value proj_C_l is increased 

35 and vice versa. The differential indicator, DIFF, is trans- 
mitted at step 312, wherein DIFF has been determined 
by the comparison of cur_C_l and proj_C_l. Note that 
DIFF provides an indication of the direction of change in 
link quality. In one embodiment DIFF is a single bit, 

40 wherein a positive value corresponds to an increase and 
a negative value corresponds to a decrease. Alternate 
polarity schemes may be implemented as well as mu Itiple 
bits to represent DIFF, which provides an Indication of 
the amount of change in addition to the direction of the 

45 change. 

[0041] At step 31 4, the process determines if the qual- 
ity message time period has expired. Within each quality 
message time period one quality message is transmitted, 
while multiple differential indicators are transmitted. On 

50 expiration of the quality message time period, the proc- 
ess returns to step 304. Until expiration of the quality 
message time period, the process returns to step 306. 
In this way, the remote station provides aquality message 
with the full projected C/l information, i.e., proj_C_l, and 

55 successive differential indicators to track changes to the 
projected C/l. Note that in one embodiment, each differ- 
ential indicator is assumed to correspond to a predeter- 
mined step size. In an alternate embodiment the differ- 
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ential indicator is assumed to correspond to one of sev- 
eral predetermined step sizes. In another embodiment 
tlie amplitude of the differential indicator determines the 
step size. In another embodimentthed'rfferentlal indicator 
includes multiple information bits, wherein the bits have 
significance to select the direction and amplitude of the 
step size among a set of predetermined step sizes. In 
yet another alternate embodiment, the step size may 
change dynamically. 

[0042] FIG. 3C illustrates a method 350 for processing 
quality messages and differential indicators at a base 
station. A variable "QUALITY1 " is initialized to a default 
value at step 352 with the first received quality message. 
The default value may be based on an initially received 
quality message. The process then determines if a quality 
message is received at step 354. On receipt of a quality 
message, QUALITY1 is updated based on the quality 
message received at step 360. The process then returns 
to step 354. When no quality message has been received 
and a DIFF is received at step 356, the process continues 
to step 358 where QUALITY1 is adjusted based on DIFF. 
The process then returns to step 354. 
[0043] According to one embodiment, the quality mes- 
sage is transmitted on a gated channel, wherein trans- 
missions are made once each time period Tr^ess^ge- l^'f" 
ferential indicators are transmitted at a higher frequency 
on a continue us channel. A diagram of the signal strength 
of quality messages and the differential indicators are 
plotted as a function of time, as illustrated in FIG. 3D. 
The quality messages are transmitted at times t^, t2, tg, 
etc., wherein no quality messages are transmitted at oth- 
er times within each period Tn,essage- The differential in- 
dicators are transmitted continuously. In the exemplary 
embodiment, the quality message is transmitted for pre- 
determined time duration T^. The differential indicators 
are separated by time duration Ideally is greater 
than T-j, wherein no differential indicator is transmitted 
within the time duration T^ for transmission of the quality 
message. In this way, the base station does not receive 
a differential indicator and a quality message at a same 
given time. In practice, if a differential indicator overlaps 
a quality message in time, the base station uses the qual- 
ity message. 

[0044] The quality messages and the differential indi- 
cators provide feedback to the base station. While FIG. 
3D illustrates distinct and separate occurrences of quality 
messages and differential indicators, the quality mes- 
sage may be sent over a longertime period creating over- 
lap between transmissions. 

[0045] In one embodiment, the quality message may 
be encoded and transmitted, wherein the C/l messages 
are processed very slowly. The quality message would 
then be received and decoded at the base station much 
later. The base station effectively pipelines the differential 
indicators and is able to back out of a calculation path 
and return to find the projected measurement at the time 
when the message was encoded and transmitted by the 
remote station. If the base station finds that the quality 



message shows an incorrect calculation, i.e., result after 
application of differential indicators, the result is adjusted 
according to the quality message. For example, where 
the projected measurement was off by +2 dB, then the 
5 current projected measurement could be increased by 2 
dB. 

[0046] One scenario is illustrated in FIG. 4B, discussed 
hereinbelow. FIG. 4A illustrates an alternate method 400 
of processing received quality messages and differential 

10 indicators at a base station, wherein overlap may occur 
between quality messages and differential indicators. 
Two variables, QUALITV1 and QUALITY2, are initialized 
at step 402 with thefirst received quality message. During 
receipt of a quality message, the value stored in 

15 QUALITY1 at the start of the link quality measurement 
at the mobile station is maintained without change until 
the quality message is completely received. This allows 
adjustment for any DIFF(s) received during the quality 
message. The process 400 determines if receipt of a link 

20 quality measurement has started at step 404. The base 
station has a priori knowledge of the scheduling of link 
quality measurements at the remote station. If a quality 
measurement has not begun the process continues to 
step 406 to detemnine if a DIFF has been received. If no 

25 DIFF is received processing returns to step 404, else 
QUALITY 1 and QUALITY 2 are adjusted based on DIFF 
at step 408 and then processing returns to step 404. Ad- 
ditionally at step 408, the QUALITY2 value is provided 
to a scheduler for implementation of aschedule of trans- 

30 missions. From step 404, if a quality message has start- 
ed, step 410 determines if a DIFF is received during a 
quality message, i.e., a DIFF and a quality message are 
both being received at the same time by the base station. 
If no DIFF is received during the quality message, the 

35 process continues to step 41 4 to determine if the quality 
message is complete. If a DIFF is received during the 
quality message, QUALITY2 is adjusted based on DIFF 
AT STEP 412. Additionally at step 412, the QUAUTY2 
value is provided to a scheduler for implementation of a 

40 schedule of transmissions. If the quality message is not 
complete at step 414, processing returns to step 410, 
else, the difference between the received quality mes- 
sage and QUALITY1 is set equal to DELTA, A at step 
41 6. The DELTA is used to correct the link quality calcu- 

45 lations at the base station. As the quality message was 
transmitted from the remote station prior to DIFF values 
received during receipt of the quality message atthe base 
station, the DELTA allows application of these DIFF val- 
ues to the corrected value, QUALITY2 is adjusted by 

50 DELTA at step 41 8 to correct the result of processing the 
DIFF(s) received during receipt of the quality message. 
Additionally at step 41 8, the QUALITY2 value is provided 
to a scheduler for implementation of aschedule of trans- 
missions. At step 420, QUALITY1 is set equal to 

55 QUALITY2 and the synchronization is completed. 
Processing then returnsto step 404. when a quality mes- 
sage is received at step 41 4 the method determines if an 
error occun^ed in the quality message at step 415. If so, 



6 



11 



EP 1 360 778 B1 



12 



processing returns to step 404. If there is no error in tlie 
quality message received, processing continues to step 
416. 

[0047] FIGs. 4B and 4C Illustrate, in timing diagram 
form, the receipt at a base station of the quality message 
and DIFF(s). As illustrated just priortotime t-,, the values 
of QUALITY1 and QUALITY2 are equal to A. The quality 
message receipt begins at time t^. DIFF(s) are then re- 
ceived at times t2 through tg, with values indicated in the 
table of FIG. 4C. Note that for each DIFF received, the 
QUALITY2 value is adjusted accordingly, while 
QUALITY1 remains unchanged. At time ij the quality 
message completes and sets QUALITY1 equal to B. The 
value B is the quality message value transmitted from 
the remote station at or prior to time t-,. The variable 
QUALITY2 is then adjusted according to the difference 
(B-A). This difference Is added to the value of QUALITY2 
at time Iq. In this way, the base station has a corrected 
value of QUALITY2. 

[0048] FIG. 5 Illustrates a method 600 used In one em- 
bodiment for processing the feedback information at the 
base station. At step 602 the base station receives the 
quality message from the mobile station, wherein the 
quality message relates to the PL pilot signal strength. 
The quality message received is stored in a memory stor- 
age device at step 604. The base station provides the 
quality message received to a scheduler at step 606. For 
data communications, the scheduler is responsible for 
providing fair and proportional access to the base station 
from all access terminals having data to transmit and/or 
receive. The scheduling of access terminals may be per- 
fonned in any of a variety of methods. The scheduler 
then implements the schedule at step 608. In addition to 
the quality message, the base station receives a differ- 
ential Indicator, DIFF, at step 610. The base station ap- 
plies the differential indicator to the stored quality mes- 
sage at step 612 to track the quality of the FL channel. 
In this way the base station Is aprlsed of the condition 
and quality of the FL channel as seen at the receiver of 
the access terminal. The process provides the quality 
message to the scheduler to implement a schedule at 
step 614. The process determines if a quality message 
is received at step 616. 

[0049] Continuing with FIG. 5, if a next quality message 

is not received, i.e., the system Is currently In the time 
between times t-, and t2 of FIG. 5, processing returns to 
receive the next differential indicator at step 610. How- 
ever, if a quality message is received at step 616 the 
process returns to step 604 to store the quality message 
in memory. The stored quality message is adjusted with 
each occurrence of a differential indicator. The stored 
quality message is replaced on the occurrence of a qual- 
ity message. 

[0050] Link quality feedback methods are applicable 
to packet-switched communication systems, such as da- 
ta and voice systems. In a packet-switched system, the 
data is transmitted in packets having a defined structure 
and length. Rather than using power control to adjust the 



amplification of transmissions, these systems adjust the 
data rate and modulation scheme in response to the qual- 
ity of the link. For example, in voice and data systems, 
the available transmit powerfor data transmissions is not 

5 defined orcontrolled, but ratheris dynamically calculated 
as the remaining power available after satisfaction of 
voice transmissions. An exemplary system having a re- 
verse link illustrated in FIG. 6 uses a data rate control 
and an additional sub-channel to transmit quality mes- 

10 sages and differential indicators, respectively. As illus- 
trated, the reverse link, or reverse channel, has two types 
of logical channels: access and traffic. The access chan- 
nel Includes sub-channels for a pilot and data, wherein 
the access channel is used while the traffic channel is 

15 not active. The traffic channel Includes sub-channels for 
pilot. Medium Access Control, MAC, Acknowledge, ACK, 
and data. The MAC further includes sub-channels for 
transmission of reverse rate indicator(s) and Data Rate 
Control(s), DRC(s). The DRC information is calculated 

20 by the remote station or access terminal by measuring 
the quality of the FL and requesting a corresponding data 
rate for receipt of pending data transmissions. There are 
any number of methods for calculating the quality of the 
link, and determining a corresponding data rate. 

25 [0051] According to one embodiment, the differential 
indicators are transmitted continuously on the reverse 
rate indicator channel, while the quality messages are 
transmitted on a DRC channel. The corresponding data 
rate is typically detemnined by a table that identifies the 

30 available and/or appropriate data rate, modulation and 
encoding, packet structure, and retransmission policy. 
The DRC messages are indices identifying the appropri- 
ate combination of specifications. In response to a link 
quality measurement, an increase in the data rate avail- 
as able increments the index. A decrease in the data rate 
available decrements the index. The DRC message is 
encoded prior to transmission. A DRC cover is applied 
to Identify the sector of the measured FL signal, typically 
the FL pilot. 

40 [0052] Various timing scenarios are illustrated in FIG. 
7. In a first scenario, the DRC information is transmitted 
continuously, wherein one DRC message may be repeat- 
edly transmitted to Increase the accuracy of receipt. As 
illustrated, DRC(i) is a four slot message, wherein the 

45 message DRC(i) is transmitted in time slots A, B, C and 
D. The four slot message is transmitted during time du- 
ration Tdrc- Subsequenttotime slot D the next message, 
DRC(i+1 ) will be transmitted. Prior to time slot A the pre- 
vious message, DRC(i-l) was transmitted. In this sce- 

50 narlo, the quality message is Implicitly included in the 
DRC message and is transmitted continuously. This sce- 
nario wastes bandwidth and thus reduces the capacity 
of the reverse link. In a second scenario the DRC mes- 
sage is transmitted on a gatedchannel, the DRCchannel, 

55 once during TpRc- The differential indicator Is transmitted 
on a continuous sub-channel having a period of T^iff. The 
differential Indicator either increments or decrements the 
index of the DRC message. In this way, the access net- 
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work is able to accurately track the available data rates, 
etc., quickly, as the differential indicator is an uncoded 
bit or bit(s). Note that while the quality message and dif- 
ferential indicator have been described herein with re- 
spect to the FL, each is applicable to the RL as well. 
[0053] FIG. 8 illustrates a data rate control table ac- 
cording to one ennbodinrient. As illustrated, the left-most 
column lists a DRC message. The DRC message is ef- 
fectively a code that identifies a combination of transmis- 
sion parameters. The middle column corresponds to the 
data rate in kbps. The last column lists the packet length 
in time slots. Each DRC message corresponds to a com- 
bination of these transmission parameters and may also 
include, but is not limited to, modulation technique, en- 
coding type, packet structure, and/or retransmission pol- 
icy. Note that in the embodiment illustrated in FIG. 8, the 
first DRC message selects a null data rate. The null data 
rate is used in other processes within the system. Addi- 
tionally, several DRC messages corresponds to trans- 
mission parameter sets that are not available or are 
invalid. These sets may be assigned to later developed 
systems or may be used for other functions within the 
system. 

[0054] In an alternate embodiment, the quality mes- 
sage is included in the preamble of each transmission. 
The differential indicators are transmitted on a continu- 
ous sub-channel. The differential indicators are provided 
atafrequencyto assist thetransmrtterin accurately track- 
ing the channel quality experienced by transmitted com- 
munications. 

[0055] Oneembodimentofa packet-switched system 
utilizing the DRC table of FIG. 8 is illustrated in FIG. 9. 
A portion 500 of an access temriinal includes a DRC table 
502, coupled to a DRC calculation unit 504. The DRC 
calculation unit 504 receives a FL signal within the pack- 
et-switched system. The ORG calculation unit 504 ana- 
lyzes the received signal to determine a channel quality 
metric. The quality metric is a data rate. The DRC calcu- 
lation unit 504 selects a transmission parameter set from 
the DRC table 502, wherein the set corresponds to the 
calculated data rate available for the FL. The set is iden- 
tified by a corresponding DRC message. 
[0056] The DRC calculation unit 504 provides a meas- 
ured DRC to differential analyzer 506. The differential 
analyzer 506 generates the projected DRC message for 
full transmission once every DRC time period, Tqrq. The 
full projected DRC message transmission is gated ac- 
cording to Tqpq. Additionally, the differential analyzer 
506 receives a differential time period signal, Tqiffj that 
is used to generate differential indicators. 
[0057] Successive current DRC values are compared 
to the projected DRC value with respect to indices in the 
DRC table 502. The differential analyzer 506 outputs a 
differential indicator in response to the comparison. The 
differential indicator is an incremental pointer that points 
to neighboring entries in the DRC table 502. If a succes- 
sive DRC message increments from a previous DRC 
message in a given direction, the differential indicator 



points in that direction. The differential indicator, there- 
fore, tracks movement within the DRC table 502. In this 
way, the FL transmitter receives continuous infomiation 
of FL channel quality with which transmission parameters 

5 may be evaluated and/or adjusted. The feedback infor- 
mation is applicable to scheduling of packet-switched 
communications in the system. The periodic DRC mes- 
sage transmissions provide synchronization between FL 
transmitter and receiver, erroneous infomiation generat- 

10 ed by incorrectly received differential indicators. 

[0058] Additionally, the differential indicators in a pack- 
et-switched system provide feedback that may effect 
more than simply the remote station generating the feed- 
back. The access network may use the feedback infor- 

15 mation to determine a scheduling policy, as well as im- 
plementing the policy, for multiple users. In this way, the 
feedback information may be used to optimize the entire 
transmission system. 

[0059] As discussed hereinabove, the periodic trans- 
it? mission of the quality message allows synchronization 
of the remote station and the base station. In an alternate 
embodiment, the base station transmits a projected C/l 
as calculated at the base station on the FL. The remote 
station receives the projected C/l from the base station 
25 and re-synchronizes with the base station. The transmis- 
sion may be a coded message or a signal transmitted at 
a predetennined power level. For example, the transmis- 
sion may be a dedicated pilot or a PC bit. 
[0060] In addition to providing the link quality feedback, 
30 the remote station may indicate the sector that is currently 
being monitored by applying a cover or a scrambling code 
to the quality message and/or differential indicator. The 
cover identifies the sector of the measured pilot signal. 
In one embodiment, each sector in the system is as- 
35 signed a scrambling code. The scrambling code is a priori 
knowledge to the base station and the remote station. 
[0061] Those of skill in the art would understand that 
infomiation and signals may be represented using any 
of a variety of different technologies and techniques. For 
40 example, data, instructions, commands, information, sig- 
nals, bits, symbols, and chips that may be referenced 
throughout the above description may be represented by 
voltages, currents, electromagnetic waves, magnetic 
fields or particles, optical fields or particles, or any com- 
45 bination thereof. 

[0062] Those of skill will further appreciate that the var- 
ious illustrative logical blocks, modules, circuits, and al- 
gorithm steps described in connection with the embodi- 
ments disclosed herein may be implemented as electron- 
50 ic hardware, computer software, orcombinations of both. 
To clearly illustrate this interchangeability of hardware 
and software, various illustrative components, blocks, 
modules, circuits, and steps have been described above 
generally in tenns of their functionality. Whether such 
55 functionality is implemented as hardware or software de- 
pends upon the particular application and design con- 
straints imposed on the overall system. Skilled artisans 
may implement the described functionality in varying 
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ways for each particular application, but such implemen- 
tation decisions should not be interpreted as causing a 
departure from the scope of the present invention. 
[0063] The various illustrative logical blocks, modules, 
and circuits described in connection with the embodi- 
ments disclosed herein may be implemented or per- 
fonned with a general purpose processor, a digital signal 
processor (DSP), an application specific integrated cir- 
cuit (ASIC), a field programmable gate array (FPGA) or 
other programmable logic device, discrete gate or tran- 
sistor logic, discrete hardware components, or any com- 
bination thereof designed to perfonn the functions de- 
scribed herein. A general-purpose processor may be a 
microprocessor, but in the alternative, the processor may 
be any conventional processor, controller, microcontrol- 
ler, or state machine. A processor may also be imple- 
mented as a combination of computing devices, e.g., a 
combination of a DSP and a microprocessor, a plurality 
of microprocessors, one or more microprocessors in con- 
junction with a DSP core, or any othersuch configuration. 
[0064] The steps of a method or algorithm described 
in connection with the embodiments disclosed herein 
may be embodied directly in hardware, in asoftware mod- 
ule executed by a processor, or in a combination of the 
two. Asoftware module may reside in RAM memory,flash 
memory, ROM memory, EPROM memory, EEPROM 
memory, registers, hard disk, a removable disk, a CD- 
ROM, or any other form of storage medium known in the 
art. An exemplary storage medium is coupledto the proc- 
essor such the processor can read i nformation from, and 
write information to, the storage medium. In the alterna- 
tive, the storage medium may be integral to the proces- 
sor. The processor and the storage medium may reside 
in an ASIC. The ASIC may reside in a user terminal. In 
the alternative, the processor and the storage medium 
may reside as discrete components in a user terminal. 
[0065] The previous description of the disclosed em- 
bodiments is provided to enable any person skilled in the 
art to make or use the present invention. Various modi- 
fications to these embodiments will be readily apparent 
to those skilled in the art, and the generic principles de- 
fined herein may be applied to other embodiments with- 
out departing from the scope of the invention. Thus, the 
present invention is not intended to be limited to the em- 
bodiments shown herein but is to be accorded the widest 
scope consistent with the principles and novel features 
disclosed herein. 



Claims 

1 . A remote station apparatus comprising: 

a quality measurement unit (204) for iteratively 
measuring link quality of a communication link 
and generating a quality metric; and 
a differential analyzer (506) for determining 
changes in the measured link quality and gen- 



erating a differential indicator (DIFF), wherein 
the quality metric and the differential indicator 
are to be transmitted to a base station to indicate 
link quality; characterized in tiiat 
5 the quality metric and the differential indicator 

are transmitted at two different frequencies to 
the base station. 

2. The remote station apparatus of claim 1 , wherein the 

10 link quality is measured as carrier to interference of 
a received signal 

3. The remote station apparatus of claim 2, wherein the 
remote station applies a sector cover to the quality 

15 metric. 

4. The remote station apparatus as recited in claim 1 
wherein the quality metric and the differential indica- 
tor are used for providing power control commands 

20 instructing the base station to adjust transmit power 
level. 

5. The remote station apparatus as recited in claim 1 
wherein the quality metric and the differential indica- 

25 tor are used for providing data rate control com- 
mands instructing the base station to adjust trans- 
mission data rate. 

6. The remote station apparatus as recited in claim 1 

30 wherein the quality metric is a data rate. 

7. A method for a wireless communication system, said 
method comprising: 

35 generating a quality metric at a first frequency, 

the quality metric providing information on the 
quality of a communication link; and 
generating differential Indicators (DIFF) atasec- 
ond frequency, the differential indicators indicat- 

40 ing changes in the quality of the communication 

link, characterized in that the second frequen- 
cy is greater than the first frequency. 

8. The method of claim 7, wherein each quality mes- 
45 sage includes carrier to interference information of 

a received signal at a receiver. 

9. The method of claim 8, wherein the received signal 
is a pilot signal. 

50 

10. The method of claim 7, wherein each differential in- 
dicator is at least one bit. 

11. The method of claim 7, wherein generating differen- 
55 tial indicators (DIFF) further comprises: 

comparing a current link quality measurement 
to a projected link quality measurement; - 
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decrementing the differential indicator (DIFF) 
when the current link quality measurement is 
less than the projected link quality measure- 
ment; 

incrementing the differential indicator (DIFF) 
when the current link quality measurement is 
greaterthan or equal to the projected link quality 
measurement; and 
transmitting the differential indicator. 

12. The method as recited in claim 7 wherein the quality 
metric and the differential indicator are used for pro- 
viding power control commands instructing a trans- 
mitting station to adjust transmit power level. 

13. The method as recited in claim 7 wherein the quality 
metric and the differential indicator are used for pro- 
viding data rate control commands instructing a 
transmitting station to adjust transmission data rate. 

1 4. A base station for a wireless communication system 
for processing voice communications and packet- 
switched communications, said base station com- 
prising: 

receive circuitry operative to receive signals on 
a reverse link, including a quality metric and dif- 
ferential indicators, the quality metric periodical- 
ly providing the quality metric of a fonward link, 
wherein the differential Indicators trackthe qual- 
ity metric between successive quality messag- 
es, and wherein the quality metric and the dif- 
ferential indicator are received at two different 
frequencies; 

a memory storage unit operative to store a qual- 
ity message received on the reverse link; and 
a differential analyzer to update the quality mes- 
sage stored in the memory storage unit In re- 
sponse to the differential indicators. 

15. The base station of claim 14, further comprising: 

a scheduler unit operative to schedule packet- 
switched communications in the system in re- 
sponse to the quality message stored In the 
memory storage unit. 

1 6. The base station of claim 1 5, wherein the quality met- 
ric is a data rate control message. 

1 7. The base station of claim 1 4, wherein the quality met- 
ric is a power control message. 

18. The base station of claim 1 6, wherein: 

each data rate control message corresponds to 
an entry in a data rate control table; and 
each differential indicator points to a neighbor- 



ing entry in the data rate control table. 
Patentanspruche 

5 

1. Eine Fernstatlonsvorrichtung bzw. entfernte Station, 
die Folgendes aufweist: 

eine Qualitatsmesseinheit (204) zum iterativen 
10 Messen von Verbindungsqualltat von einer 

Kommunikationsverbindung undzum Erzeugen 
einer Qualitatsmetrik; und 
einen Differentialanalysierer(506) zum Bestim- 
men von Anderungen bei der gemessenen Ver- 
15 bindungsqualitat und zum Erzeugen eines Dif- 

ferentlallndlkators (DIFF), wobei die Qualitats- 
metrik und der Differentialindikator an eine Ba- 
sisstation zu ubertragen sind, um die Verbin- 
dungsqualltat anzuzeigen; 

20 

dadurch gekennzeichnet, dass die Qualitatsme- 
trik und der Differentialindikator mit zwei unter- 
schiedlichen Frequenzen an die Basisstation gesen- 
det bzw. ubertragen werden. 

25 

2. Die Fernstatlonsvorrichtung nach Anspruch 1 , wobei 
die Verbindungsqualltat als Trager zu Interferenz 
von einem empfangenen Signal gemessen wird. 

30 3, Die Fernstatlonsvorrichtung nach Anspruch 2, wobei 
die Fernstation eine Sektorabdeckung fur die Qua- 
litatsmetrik anwendet. 

4. Die Fernstatlonsvorrichtung nach Anspruch 1 , wobei 

35 die Qualitatsmetrik und der Differentialindikator ge- 
nutzt werden zum Vorsehen von Leistungssteuer- 
befehlen, die die Basisstation instruieren zum Ein- 
stellen bzw. Anpassen eines Sendeleistungspegels. 

40 5. Die Fernstatlonsvorrichtung nach Anspruch 1 , wobei 
die Qualitatsmetrik und der Differentialindikator ge- 
nutzt werden zum Vorsehen von Datenratensteuer- 
befehlen bzw. Datengeschwindigkeitssteuerbefeh- 
len, die die Basisstation instruieren zum Einstellen 

45 bzw. Anpassen einer Ubertragungsdatenrate bzw. 
-geschwindigkeit. 

6. Die Fernstatlonsvorrichtung nach Anspruch 1 , wobei 
die Qualitatsmetrik eine Datenrate bzw. -geschwin- 

50 digkeit ist. 

7. Ein Verfahren fur ein drahtloses Kommunikations- 
system, wobei das Verfahren Folgendes aufweist: 

55 Erzeugen einer Qualitatsmetrik mIt einer ersten 

Frequenz, wobei die Qualitatsmetrik Informati- 
on uber die Qualitat von einer Kommunikations- 
verbindung vorsieht; und 
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Erzeugen von Differentialindikatoren (DIFF) mit 
einerzweiten Frequenz, wobei die Differentialin- 
dikatoren Anderungen bei der Qualitat von der 
Kommunikatlonsverblndung anzelgen, da- 
durch gekennzeichnet, dass die zweite Fre- 5 
quenz groBer als die erste Frequenz ist. 

8. Verfahren nach Anspruch 7, wobei jede Qualitats- 
nachricht Trager-zu-lnterferenz-lnformation eines 

ennpfangenen Signals bei einem Ennpfanger auf- io 
weist. 

9. Verfahren nacli Anspruch 8, wobei das enfipfangene 
Signal ein Pilotsignal ist. 

15 

10. Verfatiren nach Anspruch 7, wobei jeder Differen- 
tialindikator nfiindestens ein Bit ist. 

11. Verfahren nach Anspruch 7, wobei das Erzeugen 

von Differentialindikatoren (DIFF) ferner Folgendes 
aufweist: 

Vergleichen einer aktuellen Verbindungsquali- 
tatsmessung mit einer vorausberechneten bzw. 
geplanten Verbindungsqualitatsmessung; 25 
Dekrementieren des Differentialindikators 
(Dl FF), wenn die aktuelle Verbindungsqualitats- 
messung geringer ist als die projektierte bzw. 
vorausberechnete Verbindungsqualitatsmes- 
sung; 30 
Inkrementieren des Differentialindikators 
(Dl FF), wenn die aktuelle Verbindungsqualitats- 
messung groBer ist oder gleich ist wie die pro- 
jektierte Verbindungsqualitatsmessung; und 
Senden bzw. Ubertragen des Differentiaiindika- 35 
tors. 

12. Verfahren nach Anspruch 7, wobei die Qualitatsme- 
trik und der Differentialindikator verwendet werden 

zum Vorsehen von Leistungssteuerbefehlen, die ei- 40 
ne Ubertragungs- bzw. Sendestation instruieren, ei- 
nen Ubertragungs- bzw. Sendeleistungspegel ein- 
zustellen bzw. anzupassen. 

13. Verfahren nach Anspruch 7, wobei die Qualitatsme- 45 
trik und der Differentialindikator verwendet werden 
zum Vorsehen von Datenratensteuerbefehlen bzw. 
Datengeschwindigkeitssteuerbefehlen, die eine 
Sendestation bzw. Ubertragungsstation instruieren 
eine Sende- bzw. Ubertragungsdatenrate einzustel- so 
len bzw. anzupassen. 

14. Eine Basisstation fur ein drahtloses Kommunikati- 
onssystem zum Verarbeiten von Sprachkommuni- 

kationen und von paketvermittelten Kommunikatio- 55 
nen, wobei die Basisstation Folgendes aufweist: 

Empfangsschaltkreise, die betriebsbereit sind 
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zum Empfangen von Signalen auf einer Ruck- 
wartsverbindung einschlieBlich einer Qualitats- 
metrikundvon Differentialindikatoren, wobei die 
Qualitatsmetrik periodisch die QualitStsmetrik 
von einer Vorwartsverbindung vorsieht, wobei 
die Differentialindikatoren die Qualitatsmetrik 
zwischen aufeinanderfolgenden Qualitatsnach- 
richten nachfUhren, und wobei die Qualitatsme- 
trik und der Differentialindikator mit zwei unter- 
schiedlichen Frequenzen empfangen werden; 
eine Speicheraufbewahrungseinheit, die be- 
triebsbereit ist zum Speichern einer Qualitats- 
nachricht, die auf der RQckwartsverbindung 
empfangen worden ist; und 
eine Differentialanalysierer zum Aktualisieren 
der Qualitatsnachricht, die in der Speicherauf- 
bewahrungseinheit gespeichert ist, und zwar 
ansprechend auf die Differentialindikatoren. 

15. Basisstation nach Anspruch 14, die ferner Folgen- 
des aufweist: 

eine Einteilungs- bzw. Schedulereinheit, die be- 
triebsbereit ist zum Einteilen bzw. Planen von 

paketvermittelten Kommunikationen in dem Sy- 
stem ansprechend auf die Qualitatsnachricht, 
die in der Speicheraufbewahrungseinheit ge- 
speichert ist. 

1 6. Basisstation nach Anspruch 1 5, wobei die Qualitats- 
metrik eine Datenratensteuernachricht bzw. Daten- 
geschwindigkeitssteuernachricht ist. 

1 7. Basisstation nach Anspruch 1 4, wobei die Qualitats- 
metrik eine Leistungssteuernachricht ist. 

18. Basisstation nach Anspruch 16, wobei: 

jede Datenratensteuernachricht einem Eintrag 
in einer Datenratensteuertabelle entspricht; und 
jeder Differentialindikator auf einen benachbar- 
ten Eintrag in der Datenratensteuertabelle zeigt. 

Revendications 

1 . Poste distant comprenant : 

un module de mesure de qualite (204) pourme- 
surerdefagon iterative laqualitede liaison d'une 
liaison de communication et produire une metri- 
que de qualite ; et 

un analyseur differentiel (506) pour detemniner 
des changements de la qualite de liaison mesu- 

ree et produire un indicateur differentiel (DIFF), 
la metrique de qualite et I'indicateur differentiel 
devant etre transmis a une station de base pour 
indiquer une qualite de liaison ; 
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caracterise en ce que la metrique de qualite et I'in- 
dicateur differentiel sonttransmis a deux frequences 
differentes vers la station de base. 

2. Poste distant selon la revendication 1 , dans lequel 5 
la qualite de liaison est mesuree en tant que rapport 
porteuse sur interference d'un signal re9u. 

3. Poste distant selon la revendication 2, dans lequel 

le poste distant applique une couverture sectorielle io 
a la metrique de qualite. 

4. Poste distant selon la revendication 1 , dans lequel 
la metrique de qualite et I'indicateur differentiel sont 

utilises pour fournir des ordres de commande de 15 
puissance donnant instruction a la station de base 
de regler le niveau de puissance d'emission. 

5. Poste distant selon la revendication 1 , dans lequel 

la metrique de qualite et I'indicateur differentiel sont 20 
utilises pour fournir des ordres de commande de de- 
bit de donnees donnant instruction a la station de 
base de regler le debit de donnees de transmission. 

6. Poste distant selon la revendication 1 , dans lequel 25 
la metrique de qualite est un debit de donnees. 

7. Precede pour un systeme de communication sans 
fil, ce procede comprenant : 

30 

produire une metrique de qualite a une premiere 
frequence, la metrique de qualite fournissant 
une information sur la qualite d'une liaison de 
communication ; et 

produire des indicateurs differentiels (DIFF) a 35 
une seconde frequence, les indicateurs differen- 
tiels indiquant des changements de qualite de 
la liaison de communication, 

caracterise en ce que la seconde frequence est 40 
superieure a la premiere frequence. 

8. Procede selon la revendication 7, dans lequel cha- 
que message de qualite inclut des infonnations de 

porteuse sur interference d'un signal re^u au niveau 45 
d'un recepteur. 

9. Procede selon la revendication 8, dans lequel le si- 
gnal re^u est un signal pilote. 

50 

10. Procede selon la revendication 7, dans lequel cha- 
que indicateur differentiel est d'au moins un bit. 

11. Procede selon la revendication 7, dans lequel la ge- 
neration des indicateurs differentiels (DIFF) com- 55 
prend en outre : 

comparer une mesure de qualite de liaison cou- 



rante a une mesure de qualite de liaison 
projetee ; 

decrementer I'indicateur differentiel (DIFF) 
quand la mesure de quality de liaison courante 
est inferieure a la mesure de qualite de liaison 
projetee ; 

incrementer I'indicateur differentiel (DIFF) 
quand la mesure de quality de liaison courante 
est superieure ou egale a la mesure de qualite 

de liaison projetee ; et 
transmettre I'indicateur differentiel. 

12. Proc6d6 selon la revendication 7, dans lequel la me- 
trique de qualite et I'indicateur differentiel sont utili- 
ses pour fournir des ordres de commande de puis- 
sance donnant instruction a un poste emetteur de 
regler son niveau de puissance d'^mission. 

13. Procede selon la revendication 7, dans lequel la me- 
trique de qualite et I'indicateur differentiel sont utili- 
ses pour fournir des ordres de commande de puis- 
sance donnant instruction a un poste emetteur de 
regler son debit de donnees de transmission. 

14. Station de base pourun systeme de communication 
sans fil pour traiter des communications vocales et 
des communications commutees par paquets, la 
station de base comprenant : 

un circuit de reception agissant pour recevoir 
des signaux sur une liaison inverse incluant une 
metrique de qualite et des indicateurs differen- 
tiels, la metrique de qualite fournissant periodi- 
quement la metrique de quality d'une liaison di- 
recte, les indicateurs differentiels sulvant la me- 
trique de qualite entre des messages de qualite 
successifs, et la metrique de qualite et I'indica- 
teur differentiel etant regus ^ deux frequences 
differentes ; 

un module de memorisation agissant pour me- 
morlser un message de qualite regu sur la liaison 
inverse ; et 

un analyseur differentiel pour mettre a jour le 
message de qualite memorise dans le module 

memoire en reponse aux Indicateurs differen- 
tiels. 

15. Station de base selon la revendication 14, compre- 
nant en outre un module programmateur agissant 

pour programmer des communications commutees 
parpaquet dans le systeme en reponse au message 
de qualite memorise dans le module memoire. 

16. Station de base selon la revendication 15, dans la- 

quelle lametrique de qualite est un message de com- 
mande de debit de donnees. 

17. Station de base selon la revendication 14, dans la- 
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quelle la metrique de qualite est un message decom- 
mande de puissance. 

18. Station de base salon la revendication 16, dans 
laquelle : 5 

chaque message de commande de debit de 
donn^es correspond t une entree dans une ta- 
ble de commande de debit de donnees ; et 

chaque indicateur differentiel pointe vers une io 
entree voisine dans la table de commande de 
debit de donnees. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



13 



EP 1 360 778 B1 





14 



EP 1 360 778 B1 





CM 

O 
LL 



15 



EP 1 360 778 B1 



^ LU 



o 



C3 

LU 

CO LU 
CO o 

CL 



< 
Z 

m 

DC 
UJ 

u. 

a 



o 

o 



o 




CVJ 

o 

CVJ 



LL 

o 



< 

CO 

d 
li. 




o 



16 



EP 1 360 778 B1 



(start) 



302 



MEASURE Qt AND 
STORE AS proi_CJ 



I 



304 



TRANSMIT QUALITY 
MESSAGE 



306. 



MEASURE AND 

STORE AS Car .CJ 



I 



308 



COMPARE Cur_CJ 

TO proV-Cli 



i 




310 



ADJUST pro J^CJ 
BASED ON 
COMPARISON 



I 



312 



TRANSMIT pWLCJ 
ASDIFF 



NO 



314 

MESSAGE TIME \ YES 
ERIOD EXPIRED?^ 



FIG. 3B 



17 



EP 1 360 778 B1 



START 



I 



352 



r 



350 



INITIALIZE QUALITY1 
WITH FIRST RECEIVED 
QUALITY MESSAGE 




RECEIVE DIFF 



356 



360 



ADJUST QUALITY1 

BASED ON THE 
QUALITY MESSAGE 



358 



ADJUST QUALITYl 
BASED ON DIFF 



FIG. 3C 



18 



EP 1 360 778 B1 




19 



EP 1 360 778 B1 



C 



START 



AOS. 




400 



INITIALIZE: 
QUALITY1 AND 
QUALITY2 




ADJUST QUALITY2 
BASED m DIFF 



412 




408 



ADJUST QUAUTY1 

AND QUALITY2 BASED 
ON DIFF • 




FIG. 4A 



416 



A=QUALITY MESSAGE 
MINUS . 
QUAUTY1 



418 



QUALITY2= 


QUALiTY2+A 






/-420 


QUALrrY1 = 


=QUAUTY2 








• 



20 



EP 1 360 778 B1 




21 



EP 1 360 778 B1 



^600 

START ^ 



* 

RECEIVE QUALITY 

MESSAGE (i) 



UPUA I b MhMUHY 

WITH QUALITY 
MESSAGE 



PROVIDE QUAUTY 

MESSAGE TO 
SCHEDULER 



I 



IMPLEMENT 
SCHEDULE 



RECEIVE DIFF 



602 



r 



604 



r 



606 



r 



608 



610 



612 



APPLY DIFF TO STORED 
QUAUTY MESSAGE 



I 



PROVIDE UPDATED 
MESSAGE TO 
SCHEDULER TO 
IMPLEMENT SCHEDULE 



614 



NO 



lUALITY MESSAGI 
RECEIVED? 



616 
YES 



FIG. 5 



22 



EP 1 360 778 B1 








< LU 


FRO 










cor 



LU 
CC 



CO 

■ 

G 

LL 



23 



EP 1 360 778 B1 




EP 1 360 778 B1 



DRC MESSAGE 


RATE (kbps) 


PACKET LENGTH 


UXU 


mill 1*0^^% 

nun late 


M/A 
IN/ A 


0x1 


38.4 


16 


UXiti 


iO.O 


Q 

o 


UXo 


lOo.O 


4 


UX4 




o 


UXo 


OAT o 


A 

4 


UXO 


014.4 


1 


Av7 
UX/ 


D14.4 


n 


AvQ 

UXo 


1 .0 


o 


0x9 


1228.8 


1 


Oxa 


1228.8 


2 


Oxb 


1843.2 


1 


Oxc 


2457.6 


1 


Oxd 


INVALID 


N/A 


Oxe 


INVALID 


N/A 


Oxf 


INVALID 


N/A 



FIG. 8 



25 



EP 1 360 778 B1 



LU 2 

o y ^ ^ 

K DC CO m 
•"Q Wo 

y o 



< 

Z 
UJ 

cc 

LU 
LL 
Li. 



O 

< 

O 

a 




CD 

d 



CM 

o 




s 



o 
o 



r 




LJJ 

> 

Lii 

O 
UJ 
OC 



i z 

CO 



26 



EP 1 360 778 B1 



REFERENCES CITED IN THE DESCRIPTION 

This list of references cited by the applicant is for the reader's convenience only. It does not form part of the European 
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be 
excluded and the EPO disclaims all liability in this regard. 

Patent documents cited In the description 

• US 5465398 A [0002] 



27 



